In this Journal for February of the present year we published a preliminary notice of some work done by us in connection with the bacteriology of typhus fever. At that time we had had an opportunity of examining the blood in nineteen cases of the fever, and in six control cases, while seven cases had been investigated post-mortem. Since that date our research has been much extended, and in the following article we propose to embody the facts stated in the preliminary notice, to deal more fully with the bibliography of the subject than we were previously able to do, and to give a detailed account of our work up to the present time.
Historical.?The bacteriology of typhus fever is a subject which has received but scant attention.
M.M. Thoinot and Calmette described bodies which they found in the blood of typhus patients, and which somewhat resembled in shape human spermatozoa.
Kasan, in the blood taken from the finger-tips and in that of the spleen, found rounded bodies with filiform prolongations possessing movement. To these he gave the term spirochete exanthematica. In one case, both during life and post-mortem, Le Gendre discovered a microbe like Eberth's bacillus.
Hlava of Prague, in 1891, and Lewaschew in 1892, described, the former a strepto bacillus as occurring in the blood, the latter small motile bodies of varying shapes.
Dubief and Bruhl made a careful study of a small epidemic of typhus which broke out in certain Parisian prisons in 1893. Their results may be very briefly stated as follows:?
In several of the post-mortems which they performed they found a diplococcus in the lungs and bronchial secretions. They did not find it in any other organ save when infarcts were present, in which cases they succeeded in obtaining it from the wedgeshaped areas. Microscopically, the organism appeared as an undoubted diplococcus, which they describe as small and fragile, apparently provided with a capsule, and non-motile. It stained readily by the ordinary methods, and also by the process of Gram. They were able to cultivate it, and found that it grew well in broth and milk, and on agar and potato. It would not grow at all well on nutrient jelly, even at a room temperature of 20? C., growth appearing only after eight days and being very poor. They also examined the blood of living patients, and in some cases found a similar organism, cultures of which, however, remained 523 sterile. They injected broth cultures of this diplococcus into rabbits and guinea-pigs, with, as a rule, fatal results, a condition closely resembling pneumonia being produced. Cultures at any time encountered, with the exception of three severe cases, from which, on cultivation, a mixture of diplococci and staphylococci was obtained.
In the vast majority of cases one examination sufficed to prove the presence of the diplococcus, but cases were encountered which failed to exhibit it on the first or even the second examination, and yet gave it later; these results having no apparent connection with the stage of the fever, and being possibly accounted for by the small quantity of blood taken at one time.
In only a single instance after finding the organism did we fail, 011 subsequent examination, to again obtain it. The patient was one of our control cases, examined in a dispensary situated in a typhus-infected area.
When examined, he was not known to have typhus, being apparently suffering from a severe influenzal pneumonia, and yet the diplococcus was found. A few days later we encountered him as a typhus patient in the wards of the fever hospital, when he was in a moribund state, and his extremities extremely cold. We again examined him, the blood being very dark, and obtained with difficulty; but nothing developed in the broth tubes, and we had no further opportunity of investigating its condition during life. The organism in this case was one of the three which on agar showed pigmentation. The colour from the first was a faint cream, which became slightly intensified, but was never yellow. There was no difference in form nor in the growth on other media from the usual appearance. The other two cases showed the same kind of pigmentation, which we could not attribute to any change in the agar. It is important to note that our typhus patients were not all of a poor and dirty class. Amongst them were two nurses, whose blood gave pure cultures of the diplococcus, while several others were persons of fairly clean habits, who had previously lived under moderately good conditions. Of our five negative cases, two were convalescents?one a man at the fourteenth day after his crisis, who had not been examined during the acute stage. We were unable to take his blood 011 more than one occasion. The other case was that of a woman in whose blood the organism had always been found during the fever, and the negative result was got when she had been convalescent for three weeks (vide Convalescent Cases). Of the remaining three, two were Dundee cases, and it appears to us quite possible that our failure in these instances may have been due to the time which elapsed between the inoculation of the broth and its transference to the incubator, and perhaps, to some extent, to its agitation in transit. In this connection it is curious that one of the positive cases from Dundee showed no sign of growth till seventy-two hours had elapsed. Such a lapse of time before the appearance of cloudiness in the broth was quite unique. During the fever, and for some time after the temperature had become normal, it repeatedly yielded pure cultures of the diplococcus. During the fifth week of convalescence the blood from both thumbs was examined at the same time. found. In eight rabbits subcutaneous injection was employed. In four of these there was practically no effect produced, but in two of the four, the organism introduced was taken from cultures several months old, these being at the time the only specimens available. The diplococcus was still living, as proved by its readily growing when subcultures were made, but it was probably attenuated, and no attempt was made to increase its virulence.
In relation to another of these negative cases, it should be noticed that the rabbit before inoculation had been put into a hutch previously occupied by an animal that had succumbed to an inoculation, and which the attendant had neglected to disinfect. The uninoculated rabbit became extremely ill with all the symp- internal organs all showed congestion, but there was no other morbid appearance. The typical organism was recovered from the blood of the heart, spleen, and lungs, and also from the fluid exuding from the cedematous area. Two cases have yet to be considered, but the one was merely a sequel to the other. In the first, infection probably took place at the seat of inoculation?a large abscess forming, in the pus of which a mixed coccal growth was found. The animal was etherised, discovered to be pregnant, and no organism was obtained post-mortem, save from the abscess cavity. The blood taken during life, in the same way as from a human subject, yielded nothing. The inoculation of this diplococcus in other cases never caused abscess formation. The second rabbit received an injection of a diplococcal culture made from the pus. It showed much the same symptoms, but on postmortem examination diplococci were found in the heart's blood. Guinea-pigs.?These may be dismissed in a few words. Two received subcutaneous inoculation, the first from one of the old cases mentioned, and with no effect. The other, inoculated with a diplococcus derived from a living patient, also gave negative results. We were unable to make further experiments on guineapigs.
Monkeys.?Five monkeys were inoculated. As in the case of rabbits, we shall divide the monkeys into the two classes?those inoculated with the organism from living patients, and those in which the post-mortem organism was employed. Under the former there was only one case?a monkey which received intravenously 1 c.c. of an elevated broth culture from the blood of a living typhus patient. There was absolutely no effect produced. Under 2. We have not as yet had time to draw any conclusions from our work in this direction, but it would appear that both the 'postmortem diplococcus and that derived from living cases survive in the blood serum. They do not, however, seem to multiply as in broth.
The diplococcus resembles in many ways that described by Dubief and Bruhl.' They, however, were unable to cultivate it directly from the fresh blood, though they do not state what media they employed. Their organism in blood films showed a distinct aureole like a small capsule, and when derived post-mortem could not be grown upon blood serum. Inoculation in animals produced a pneumonic condition and infarcts in the kidneys.1 Otherwise, however, both microscopically and culturally, there is a considerable resemblance between the two diplococci.
Our animal experiments were somewhat unsatisfactory, owing to the difficulty of obtaining fresh cultures. There can be little doubt, however, that the post-mortem organism is markedly pathogenic, producing symptoms and post-mortem appearances closely resembling those of a continued fever.
We would call special attention to the fact that, after injecting a pigmented pathogenic organism into a monkey, we recovered, presumably from its blood, an unpigmented, non-pathogenic diplococcus.
Is this an example of the power of the living blood to lessen or abolish pathogenicity ? The only fallacy, of course, in such a conclusion is that the latter organism may have been derived from the animal's skin, despite our precautions. This matter, however, has been fully discussed.
Another point of interest is onr failing to find post-mortem the unpigmented, non-pathogenic organism after the injection of 5 c.c. of a broth culture subcutaneously.
Owing to the lack of fresh material, we decided to discontinue our animal experiments, but should the opportunity arise of continuing them, we hope to be able to take advantage of it.
It was specially unfortunate that we were unable to obtain more typhoid post-mortems. It 
